###### Strengths and limitations of this study

-   As the number of adults with postintensive care syndrome (PICS) is increasing, an evidence-based, cohesive identification of the scope and magnitude of the impairments in physical function is essential for clinical decision-making for patient management.

-   This systematic review will use the WHO\'s International Classification of Functioning, Disability and Health to provide a comprehensive description of the physical problems experienced by individuals with PICS.

-   Since most people with PICS are community dwelling, the findings from this systematic review have the potential to inform primary care and rehabilitation practitioners about the constellation of physical impairments associated with PICS.

Introduction {#s1}
============

More than 5.7 million adults are admitted to intensive care units (ICUs) annually for management of critical illness.[@R1] With advances in medical and surgical management, significant numbers of patients requiring ICU care survive and are discharged from hospital.[@R2] [@R3] Over the past decade, it has been increasingly recognised that critical illness requiring ICU management is a life-altering event with ∼25% of ICU survivors experiencing persistent reductions in physical functioning,[@R4] [@R5] impairments in mental health,[@R6] cognitive dysfunction[@R7] [@R8] and decreased quality of life.[@R9] This constellation of problems is known as 'postintensive care syndrome' (PICS)[@R10] and may persist for months and/or years.[@R11] [@R12]

Specifically, individuals with PICS experience some or all of the following: physical problems including reduced pulmonary functioning,[@R13] muscular weakness,[@R5] limited function such as walking[@R14] and difficulty returning to work;[@R15]mental health disorders including anxiety/acute stress disorder,[@R16] post-traumatic stress disorder[@R17] and depression;[@R18]cognitive impairments, including disruption of executive function, memory and mental processing speed.[@R19]

Quality of life among survivors of intensive care, on average, is reduced relative to the general population for up to 12 years following hospital discharge.[@R20] Recent systematic reviews found that patients who had been critically ill generally reported a lower quality of life 1 year following ICU discharge, especially in physical domains, than an age-matched and gender-matched population.[@R9] [@R21]

With respect to the physical impairments reported in individuals following ICU discharge, many of these studies are compromised by not including the patients\' premorbid physical status or a healthy comparison group, and are inconsistent in the study designs, physical outcomes reported and outcome measures used.[@R15] [@R22] [@R23] The inconsistent reporting is likely related to the heterogeneity of physical problems associated with PICS, as well as the diversity of outcome measures used to quantify these problems.[@R22] [@R24] [@R25] Since the healthcare management of ICU survivors is often transferred to community-based primary care providers after hospital discharge, a clear understanding of the severity and impact of the physical problems experienced by individuals following ICU discharge is essential for appropriate diagnosis and patient management. To date, there has been no systematic review of the physical symptoms associated with PICS.

The International Classification of Functioning, Disability and Health (ICF) is the WHO\'s framework for measuring health and disability at individual and population levels. It is ideal for the characterisation of the breadth of physical problems associated with PICS.[@R26] The major components of the ICF are body functions and structures (anatomy and physiology), activity (execution of a task or action by an individual) and participation (involvement in a life situation) ([figure 1](#BMJOPEN2016013847F1){ref-type="fig"}).[@R26] The ICF conceptualises a person\'s level of functioning as a dynamic interaction between her or his health conditions, and contextual factors which include their unique environmental factors and personal situations. Once the constellation of physical impairments associated with PICS has been identified, appropriate screening paradigms using relevant outcome measures can be established to guide the rehabilitation of people with PICS and ultimately improve patient-centred health outcomes.

![Example of how the ICF model can be applied to PICS. ICF, International Classification of Functioning, Disability and Health; PICS, postintensive care syndrome. (Adapted from the representation of the model of disability that is the basis for ICF (p. 9), from: WHO. Towards a Common Language for Functioning, Disability and Health (ICF Beginner\'s Guide), 2002. Retrieved from <http://www.who.int/classifications/icf/training/icfbeginnersguide.pdf>. Accessed 14 June 2016).](bmjopen2016013847f01){#BMJOPEN2016013847F1}

The purpose of this systematic review is to identify the scope and magnitude of physical problems associated with PICS during the first year after discharge from ICU, using the ICF framework to elucidate the impairments of body functions and structures, activity limitations and participation restrictions.

Methods and analysis {#s2}
====================

We followed the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) 2015 checklist[@R27] to inform and report this protocol. This systematic review was initiated in December 2014 and is registered with the International Prospective Register of Systematic Reviews (PROSPERO) as 2015:CRD42015023520, available at <http://www.crd.york.ac.uk/PROSPERO/>. Reporting of the completed systematic review will be according to PRISMA guidelines. Study process, coordination and integrity will be fostered through regular meetings, usually weekly, involving the investigators. Primary communication will be via phone conference supplemented by email communication and face-to-face meetings at annual conferences.

Eligibility criteria {#s2a}
--------------------

Study selection criteria were established a priori using a PECOT (population, exposure, comparison, outcomes, time) framework. Study inclusion and exclusion criteria are displayed in [table 1](#BMJOPEN2016013847TB1){ref-type="table"}.

###### 

PECOT for study inclusion

  Participants (P)                            Exposure (E)                                                                                                                                     Comparison (C)                                                                                                                                                                                                                                                                  Outcomes (O)                                                                                                                                                                                                                                Time (T)
  ------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------
  *Inclusion criteria*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
   Community-dwelling adults aged ≥18 years   Medical conditions, general surgical procedures, trauma and burns resulting in critical illness requiring management in an intensive care unit   Control group who did not experience critical illness, and/orPublished normative data for outcomes of interest, and/orRetrospective self-reports of impairments, activity limitations, and participation restrictions within a month prior to developing the critical illness   Physical impairments (problems with body functions and structures),Activity limitations (problems with the ability to execute tasks or actions),Participation restrictions (problems with the ability to be involved in a life situation)   Up to 1 year following hospital discharge
  *Exclusion criteria*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
   None                                       Cancer diagnoses, neurological pathology or surgery, cardiovascular surgery, or pregnancy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Study type                                  Limited to all relevant observational studies (cohort studies and case--control) published in peer-reviewed journals                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Language                                    Limited to English                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Year of publication                         No limit                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

PECOT, participants, exposure, comparison, outcomes, time.

Identification and selection of eligible studies {#s2b}
------------------------------------------------

The search strategy was developed using search terms relevant to the inclusion and exclusion criteria ([table 1](#BMJOPEN2016013847TB1){ref-type="table"}) and was designed to locate all relevant papers published in peer-reviewed journals. The electronic bibliographic databases to be searched are Medline (Ovid), Cochrane Database of Systematic Reviews (Ovid), Cochrane Central Register of Controlled Trials (Ovid), PubMed, CINAHL (EBSCO), Web of Science and EMBASE. These will be searched from inception. The search strategy will include keywords and database-specific controlled vocabulary relating to critical illness, postintensive care syndrome, intensive care, impairments, activity limitations and participation restrictions. Review articles identified by the search will be obtained and the reference lists of those articles will be examined to reveal additional studies not identified through the search of the electronic bibliographic databases. Language will be restricted to English. The literature search will be rerun before the final analyses are conducted. An example of our search strategy is shown in the online [supplementary material](#SM1){ref-type="supplementary-material"}. This search strategy will be modified as appropriate for each of the databases we are including in our search.
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### Study records/data management {#s2b1}

Titles identified through the searches will be exported into an EndNote library where they will be de-duplicated, screened and managed throughout the duration of the systematic review. Full text of the potentially eligible articles will be retrieved and stored in an online repository (Dropbox) for easy accessibility by all team members. A research librarian will conduct the searches, retrieve the full-text articles, manage the DropBox site and maintain the EndNote library throughout the project.

### Selection process {#s2b2}

Titles and abstracts of studies identified through the search, and those from references in review articles, will be initially screened independently by two reviewers (who will apply the inclusion and exclusion criteria at this stage) to identify any studies that are potentially eligible. Disagreements will be resolved by a third reviewer. Then, the full text of potentially eligible studies will be retrieved and assessed independently by two reviewers, again using the inclusion and exclusion criteria. Disagreement between reviewers regarding the eligibility of a study will be resolved by review from a third member of the team. Study identification and selection will be summarised using a flow chart as recommended by PRISMA.

Data extraction {#s2c}
---------------

Relevant study and outcome data will be extracted from the studies by one reviewer, and extraction accuracy will be verified by a second reviewer. A third reviewer will resolve any discrepancies. All data extractors will be trained in the extraction process and checked for proficiency prior to performing extractions. A standardised, electronic, prepiloted form will be used to record data from the included studies.

Descriptive data extracted from each study will include the following: the country in which the study was conducted, years of subject enrolment, study design/method, duration of mechanical ventilation, type of ICU, study inclusion and exclusion criteria, reported measures of impairments of body structures and functions, activity limitations, and/or participation restrictions and their outcomes and time frame(s) for measurement.

For the outcomes of interest ([table 1](#BMJOPEN2016013847TB1){ref-type="table"}) in each study, data will be extracted for the group with critical illness as well as comparison data (eg, data reported for the control group, normative data or retrospective self-report data). Data will be extracted at 3, 6, 9 and 12 months following critical illness, if available, to capture the trajectory of change in the outcome measures. We expect that outcomes of interest will be continuous and categorical or dichotomous in nature. We will extract point estimates and measures of variability, frequency counts for categorical and dichotomous data as well as relative measures of risk (eg, risk ratios or ORs accompanied by 95% CIs) as appropriate. Data will be requested from study authors for studies with unreported data, or data represented only in graphical format.

Critical appraisal of included studies {#s2d}
--------------------------------------

Included studies will be assessed for strength of evidence using the Oxford Centre for Evidence-based Medicine Levels of Evidence for Symptom Prevalence Studies. The scores range from 1 (systematic reviews) to 5 (expert opinion).[@R28] Two reviewers will independently assign a grade to each study based on the described study methodology. Disagreement will be resolved by a third reviewer.

For each included study, the risk of bias will be assessed using the Newcastle--Ottawa Quality Assessment Scale (NOS), a valid and reliable tool designed for assessing methodological quality of non-randomised cohort and case--control studies.[@R29] The NOS criteria evaluate the risk of potential bias arising from selection of participants, comparability of study groups and ascertainment of exposure (case--control studies) or outcome of interest (cohort studies). The NOS uses a semiquantitative rating scale resulting in a total score ranging from 0 (lowest quality) to 9 (highest quality) stars. Studies will be scored independently by two reviewers and disagreements in scores will be resolved by review by a third author.

Data synthesis and analysis {#s2e}
---------------------------

Descriptive characteristics and outcomes of the included studies will be summarised in tables and in narrative format. The outcome(s) extracted from the studies will be categorised within the domains defined in the ICF as: impairments (eg, measures of muscle power, pain and so on);activity limitations (eg, measures of walking, eating and so on);participation restrictions (eg, measures of doing housework, remunerative employment and so on).

The ICF categories provide the framework for identifying the outcomes experienced by the participants while engaged in day-to-day life.[@R26] Disability experienced by participants may be attributable to a problem related to impaired body structure and function, activity limitation, participation restriction or an interplay of problems among these domains. Therefore, outcomes will not be prioritised as there is no established or proven hierarchy within these domains for this patient population.

We anticipate that there will be limited scope for meta-analysis due to heterogeneity of patient outcomes across studies. For studies that are sufficiently clinically homogenous enough to allow data pooling (eg, participant characteristics, comparators and outcomes), we will perform meta-analysis using random-effects models with Review Manager (RevMan, V.5.3) statistical software. Dichotomous outcomes will be presented as relative risks with 95% CIs, while continuous outcomes will be presented as standardised mean differences with 95% CIs. A p value of \<0.05 will indicate statistical significance. We will evaluate heterogeneity using the I^2^ statistic, interpreted as: 0--40% might not be important; 30--60% may represent moderate heterogeneity; 50--90% may represent substantial heterogeneity and 75--100% considerable heterogeneity.[@R30] We do not anticipate that the included studies will provide sufficient data for subgroup analyses to be performed.

Discussion {#s3}
==========

To improve the quality of rehabilitation services for people with PICS, there is a need for an evidence-based, cohesive identification of the physical problems of PICS. That information is needed to inform healthcare providers, survivors with PICS and their family members for a clear and accurate understanding of the types of problems they should anticipate.

Using rigorous systematic review methodology, we will summarise the current evidence evaluating impairments of body functions and structures, activity limitations and participation restrictions in people with PICS during the first year from ICU discharge. This will be the first systematic review in this field, and as such, will increase our understanding about the typical trajectory of physical recovery from critical illness. Our findings will identify the range of physical problems experienced by this patient group, highlighting for clinicians and researchers where best to target assessment and treatment. We expect our findings will provide a foundation on which comprehensive post-ICU rehabilitation can be developed and refined, leading to improved management of PICS.
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